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aBsTRacT
This study examined the effects of glycogenic precursors (propylene glycol and glycerol) on lipid and carbohydrate 
metabolism of rabbit does fed a restricted diet. The study included 48 females of the Hyplus genetic line, divided 
into primiparous and multiparous groups. On the 4th day of the restricted diet, the rabbits were orally administered 
propylene glycol (PG) or glycerol (G), 2 mL/kg body weight0.75. Blood samples were collected immediately prior to 
administration of the glycogenic precursors and 30, 60, 90, 180, and 360 minutes thereafter. Serum concentrations 
of glucose, non-esterified fatty acids (NEFA), and β-hydroxybutyric acid were determined. Following the use of 
both glycogenic precursors, glucose concentration increased after 30 min., which was maintained until the end of 
the experiment. A significant (P<0.01) decrease in NEFA occurred 120 min after PG was given to primiparous and 
multiparous does, and remained low up to 360 min after administration. For glycerol, the decrease in NEFA occurred 
later after 360 min. The mean glucose concentration for the whole period was lower in multiparous females, and 
higher in primiparous ones. We revealed that both propylene glycol and glycerol showed the evident effect of lipolysis 
inhibition and gluconeogenesis stimulation, which can be used in practice (e.g. lactation, reproduction).
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al., 1999; XICCATO et al., 2004). This is reflected 
by the loss of weight and mobilization of adipose 
reserves. The loss of adipose tissue is 32% in rabbits 
on a restricted diet (covering 85% of energetic 
requirement) and up to 66% in lactating does fed ad 
libitum (FORTUN-LAmOTHE and PRUNIER, 
introduction
During the perinatal period and lactation, 
significant energy deficits are observed in rabbits, 
especially in highly-productive genetic lines. 
Consumption of feed during this period is frequently 
insufficient to meet the demands of lactation and 
subsequent pregnancy (FORTUN-LAmOTHE et 
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1999). The severity of energy deficit observed in 
female rabbits during lactation is modulated by 
the date of weaning, and ranges between -2.68 
mJ and -6.65 mJ at 21 and 32 days postpartum, 
respectively (XICCATO et al., 2004). Importantly, 
the energy deficiency is higher in primiparous 
than in multiparous does (XICCATO et al., 2004). 
most previous studies have focused on nutritional 
strategies to prevent the negative energy balance, 
especially through the use of supplemental fat 
(XICCATO et al., 1999; PASCUAL et al., 2000; 
PENCHEv et al., 2006). The effect of weaning 
time on the reduction of fat mobilization was also 
evaluated (FEUGIER and FORTUN-LAmOTHE, 
2006; GARCIA-GARCIA et al., 2012). 
The possibility of nutritional intervention, 
especially with the use of glucoplastic substances 
to attenuate the deficit of energy has been the 
subject of extensive research in dairy cows. An 
array of studies have addressed the application of 
propylene glycol (CHRISTENSEN et al., 1997; 
KUPCzyńSKI et al., 2005; GRUmmER, 2008; 
CHUNG et al., 2009) or glycerol (CHUNG et 
al., 2007; OSBORNE et al., 2009; ADAmSKI 
et al., 2011) during the transition period in 
cows. Propylene glycol (PG) is a glycogenic 
precursor, rapidly absorbed from the rumen for 
gluconeogenesis in the liver, which has been used 
for many years for both treatment and prevention 
of ketosis before and after parturition in cows 
(GRUmmER, 2008). Propylene glycol caused 
an increase in glucose levels and a reduction in 
β-hydroxybutyric acid (BHBA) and non-esterified 
fatty acid (NEFA) concentrations in the blood of 
cows (KUPCzyńSKI et al., 2005, RIzOS et al., 
2008). Only a few studies have investigated the 
use of glucoplastic substances in rabbit nutrition 
(LUzI et al., 2001; RETORE et al., 2012; ARIAS-
ÁLvAREz et al., 2013). In rabbits, PG seems to 
have positive effects on sexual receptivity and 
fertility, but these results are not conclusive (LUzI 
et al., 2001; ARIAS-ÁLvAREz et al., 2013).
While there have been some attempts of both 
propylene glycol and glycerol application in 
large-scale rabbit farms, their use has not been a 
subject of detailed research related to metabolic 
response. There are only a few studies indicating 
the possibility of glycerol use in rabbit feeding 
(RETORE et al., 2012). The aim of the study 
was to analyze the effect of glycogenic precursors 
(propylene glycol and glycerol) on lipid and 
carbohydrate metabolism in female rabbits fed a 
restricted diet. We hypothesized that the metabolic 
effect in rabbits is similar to that in dairy cows.
Materials and methods
Experimental design. The study included 48 
rabbit does of the Hyplus genetic line (♀ Hyplus 
19 × ♂ PS Hyplus 39), both multiparous does (with 
a history of 4-6 pregnancies, 13-15 months of age) 
and younger females after their first parturition (8 
months of age). The females were taken from the 
farm to take part in the experiment on the day of 
weaning their kits on the 35th day after delivery. 
The rabbits were not used for reproduction (from 
the last parturition). All procedures for this trial 
were approved by the 2nd Local Ethical Committee 
for Experiments on Animals in Wrocław (No 
43/2006). All rabbits were housed under the 
same environmental conditions in the vivarium at 
the Department of Epizootiology with Clinic of 
Birds and Exotic Animals, Wrocław University of 
Environmental and Life Sciences.
The rabbits were housed in individual cages 
(0.6 × 0.7 × 0.45 m). The mean air temperature was 
20.8 ± 2.0 °C throughout the entire period of the 
study, and the relative humidity and air exchange 
rate amounted to 57.6 ± 4.3% and 16-h light/8-h 
dark photoperiod. During the adaptation period, 
the females were fed a commercial diet in the 
form of pellets and classical agricultural hay, both 
offered ad libitum. The chemical composition of the 
experimental diet is shown in Table 1. The chemical 
analysis of diets was determined according to the 
AOAC (2005). Gross energy was determined by 
adiabatic bomb calorimeter (KL 12mn, Precyzja-
Bit PPHU, Poland). All the animals underwent a 14-
day adaptation period followed by a 3-day period of 
restricted feeding (50% of daily pellet and hay intake). 
The rabbits were fed manually at 8:30 a.m. during 
the restriction period. Hay and pellets were given 
every day through separate feeders at the same time. 
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Table 1. Ingredients and chemical composition of the experimental diet
Composition of feed mixtures, pellets (%) Chemical composition (% of Dm)
Wheat bran 8.5 Pelletsc Hayc
Sunflowers husk 1.0 Dry matter 89.03 10.10
Beet molasses 5.0 Total protein (%) 16.69 10.90
Dried alfalfa (18% CP) 21.5 Crude fiber (%) 18.11 25.02
Wheat 11.5 Crude fat 3.58 2.06
Soybean meal (44% CP) 13.5 Crude ash (%) 6.21 7.70










a - Provided per kilogram of pellets: 66.00 mg robenidine hydrochloride, 10000 IU of vitamin A; 2500 IU of vitamin D3; 60 mg of 
vitamin E; 5 mg of Cu; 50 mg of Fe; 0.5 mg of I; 0.2 mg of Se; 65 mg of zn; 26 mg of mn (manufacturer’s data). Pellets and hay 
offered ad libitum during adaptation period
Table 2. Body weight, feed intake and the amount of propylene glycol and glycerol administered to rabbits  




CP Cm PGP PGm GP Gm Treatment Parity
Treatment 
× parity
Body weight at start 
adaptation period (kg) 3.64 4.96 3.60 4.95 3.68 4.98 0.11 0.64 <0.01 0.88
Body weight after 14 day of 
adaptation period (kg) 3.99 5.37 3.87 5.38 4.01 5.37 0.13 0.51 <0.01 0.43
Daily pellet intake at 14 
day of adaptation period (g) 183.0 203.7 181.0 205.1 185.3 204.0 2.61 0.95 <0.01 0.87
Daily hay intake at 14 day 
of adaptation period (g) 70.0 96.0 84.0 112.0 73.0 101.0 2.33 0.01 <0.01 0.01
Body weight after restricted 
feeding (kg)b 3.90 5.26 3.77 5.25 3.91 5.28 0.11 0.41 <0.01 0.58
volume of products 
administered (mL/rabbits) 2.8* 3.5* 2.7 3.5 2.8 3.5 0.06 - - -
a - CP - control primiparous, Cm - control multiparous, PGP - propylene glycol primiparous; Gm - propylene glycol multiparous, 
GP - glycerin primiparous, Gm- glycerol multiparous; b - Body weight after 3 days of restrictive feeding; * - Water.
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On the 4th day at 6:00 a.m., the following 
supplements were administered to fasted animals 
(n = 8 per group):
- primiparous control rabbits, drinking water (2 
mL/kg body weight0.75) instead of glycemic 
precursors (CP);
- control multiparous, drinking water (2 mL/
kg body weight0.75) instead of glycemic 
precursors (Cm);
- primiparous: propylene glycerol (99.9% 
1.2-propandiol; Over) per os 2 mL/kg body 
weight0.75 (PPG);
- multiparous: propylene glycerol (99.9% 
1.2-propandiol; Over) per os 2 mL/kg body 
weight0.75 (mPG);
- primiparous: glycerol (99.7% 1,2,3-propantriol, 
Over) per os 2 mL/kg body weight0.75 (PG);
- multiparous: glycerol (99.7% 1,2,3-propantriol, 
Over) per os 2 mL/kg body weight0.75 (mG).
Body weight (bw) and feed intake were 
determined after the 1st day of acclimation, at the 
end of the acclimatization period (after 14 days) 
and on the 3rd day of restrictive feeding. The mean 
body weight of the studied rabbits and the amounts 
of the supplements administered are summarized in 
Table 2. 
Blood sampling and analysis. Blood samples 
from the central auricular artery were obtained at 
0 (immediately before administration of propylene 
glycol or glycerol) and 30, 60, 90, 180, and 360 
minutes thereafter into tubes without anticoagulant 
(Sarstedt, Warszawa, Poland). The blood samples 
were centrifuged at 3000g for 10 min at room 
temperature (2 hours from collection), and the 
serum samples were frozen (-20 °C) until the 
analysis. Laboratory analyses were conducted with 
a Pentra 400 biochemical analyzer (Horiba ABX 
Diagnostics, France). Serum concentrations of the 
following compounds were determined:
- glucose: oxidase method with Horiba ABX 
reagents (Glucose PAP, Cat. No. A11A01679),
- β-hydroxybutyric acid (BHBA), non-esterified 
fatty acids (NEFA): enzymatic method with Randox 
(Ireland) reagents (Cat. No. RB1007, and Cat. No. 
FA115).
Statistical analysis. The results were subjected 
to statistical analysis with Statistica ver. 10.0 
software. The data are presented as mean values and 
accompanied by standard error of the means. Body 
weight and feed intake were analyzed by a two-
way ANOvA using Tukey test. Serum biochemistry 
data were analyzed as repeated measures using the 
ANOvA procedure of Statistica considering in the 
statistical model the effects of treatment, beyond 
the effects of time with their interactions with the 
treatment. Responses to glucogenic precursors 
were tested with linear and quadratic contrasts. 
Differences between means with P<0.05 were 
accepted as statistically significant differences.
Results
The body weight (bw) of rabbits at the beginning 
of the experiment significantly differed between 
primiparous and multiparous does (Table 2). BW 
increased after 14 days of adaptation period when 
ad libitum feeding was applied, and a higher 
increase in BW (P<0.01) was noted for multiparous 
rabbits. No statistical differences were found in the 
daily pellet intake between the groups; however, 
such differences occurred in hay intake (P<0.01). 
The reduction in BW after the restrictive feeding 
period was lowest in the CP and PGP groups. 
The serum concentrations of the biochemical 
markers studied in the rabbits are summarized 
in Table 3. Significant differences were noted 
for treatment and time after supplementation 
(P<0.01). Oral administration of PG caused an 
increase (P<0.05) in serum glucose concentration 
in primiparous and multiparous does, which began 
after 30 min. The differences between the treatment 
and control groups at the 60th min were confirmed 
statistically (8.36 mmol/L in PGP and 7.44 mmol/L 
in PGm vs. 6.98 in CP and 6.41 mmol/L in Cm; 
P<0.01). Oral administration of G exerted a similar 
glycogenic effect as the concentration of glucose 
in consecutive samples increased in both groups 
of rabbits. An increase in the level of glucose was 
observed 30 min after glycerol administration. 
The most pronounced increase (from 6.97 to 
8.44 mmol/L) was observed in multiparous does 
following administration of PG (120 min). 
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Oral supplementation of G caused an increase 
in glucose concentration in the 120th min to the 
highest values in both primiparous and multiparous 
does (7.84 mmol/L and 7.80 mmol/L, respectively). 
Considering the glucose concentrations observed 
during the study period, propylene glycol had 
a stronger effect in primiparous does while the 
effect of glycerol was similar in both groups 
(primiparous, multiparous). However, the mean 
glucose concentration was lower over the whole 
period in multiparous does (7.03 mmol/L in PGm, 
7.14 mmol/L in Gm) than in primiparous ones (7.82 
mmoL/L in PGP, 7.35 mmol/L in GP). In the case of 
multiparous does, the mean values in the treatment 
groups (PGm and Gm) were higher compared to Cm 
groups (P<0.01). The rate of lipolysis, determined 
from serum NEFA concentration resulting from the 
restricted diet, was more enhanced in primiparous 
than in multiparous does. Differences were noted 
between the treatment groups. In the 30th min., these 
differences were especially distinct between the 
primiparous groups (885.86 µmol/L in PGP, 860.86 
µmol/L in GP vs. 730 µmol/L in CP; P<0.01). 
Regardless of the supplement used, the mean NEFA 
concentrations were lower in multiparous compared 
to primiparous does. The use of PG caused a 
significant (P<0.01) decrease in NEFA after 120 
min in primiparous and multiparous does (to 606.67 
µmol/L in PGP and 425.71 µmol/L in PGm). For 
G, the decrease in NEFA occurred later, after 360 
min. (to 460 µmol/L in GP, 472.50 µmol/L in Gm). 
The metabolic response, expressed as a reduction in 
NEFA, was stronger in primiparous does.
Irrespective of age, the feed restriction did not 
cause enhanced ketogenesis. Administration of 
PG and G was associated with decreased serum 
concentrations of BHBA in both primiparous and 
multiparous does. However, the mean concentration 
of BHBA was lower in primiparous than in 
multiparous does. In both control groups, BHBA 
concentrations consistently increased during the 
study period (Table 3).
discussion
During the postpartum and early lactation 
periods, rabbits are in a negative energy balance 
(ATTIA et al., 2006; XICCATO et al., 2004; 
mINUTI et al., 2015). WEBER AND REIDy 
(2012) demonstrated an increase in lipolysis 
and NEFA concentrations during fasting in non-
pregnant rabbits. In our animal model, restrictive 
feeding was used aimed at lipolysis enhancement. 
In this study, metabolic changes were caused by a 
decreased fulfillment of nutritional needs (moderate 
3 day restrictive feeding). The experiment evaluated 
the metabolic response after administration of 
glucose precursors (PG or G) in primiparous and 
multiparous does. 
In the present study, the restricted diet caused 
an increase in NEFA blood concentrations to high 
values during the first sampling. According to 
CORINO et al. (2007), the blood concentration 
of NEFA in rabbits equaled 293.6 µmol/L and was 
markedly lower than in our study. moreover, our 
study revealed that feed restriction is associated 
with more enhanced lipolysis in primiparous than 
in multiparous does. This fact is reflected in the 
high concentrations of NEFA, which were distinctly 
higher at the first blood sampling in primiparous 
than in multiparous does. Nevertheless, in contrast 
to the present results, concentrations of BHBA 
showed the reverse trend. Indeed, concentrations 
of BHBA showed gradual increase in control 
groups, however, its concentrations were lower 
in primiparous than multiparous. A previous 
study indicated that multiparous does were less 
susceptible to energy deficiency than primiparous 
does (PASCUAL et al., 2000; ROmmERS et 
al., 2004). This phenomenon was also reported by 
PASCUAL et al. (1998) and could be partly related 
to the incomplete growth of primiparous does. 
A possible explanation for differences in BHBA 
concentration is that the ketogenesis is lower or 
slower in primiparous than multiparous does.
Propylene glycol and glycerol have found 
widespread use in preventing negative energy 
balance in cows and in ketosis treatment 
(KUPCzyńSKI et al., 2005; KRISTENSEN and 
RAUN, 2007; GRUmmER, 2008; RIzOS et al., 
2008). The experiment was designed to evaluate the 
effects of glycogenic precursors on the metabolism 
of female rabbits fed a restricted diet, which leads 
to a decrease in lipolysis, and to determine whether 
propylene glycol and glycerol are effective, and 
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which substance is more effective in inhibiting 
lipolysis.
Following the administration of glucoplastic 
substances, the increase in glucose concentration 
began within 30-60 min and persisted up to the 
360th minute after administration. We observed that 
the positive effect of glucose concentration was the 
most pronounced in primiparous does treated with 
PG. Postpartum oral administration of glycerol in 
cows increased plasma glucose concentration in the 
first 4 hours, and tended to increase it over the entire 
8-hour period (OSBORNE et al., 2009). In turn, 
GRUmmER et al., (1994) indicated that plasma 
concentration of glucose and insulin peaked within 
75 and 30 min after glycol drenching, respectively. 
In our study, this trend was not observed, but glucose 
concentration at the last sampling was highest after 
glycol supplementation in primiparous and after 
glycerol supplementation in multiparous does. The 
level of blood glucose in rabbits can vary depending 
on breed and the type of diet (BIRKNER et al., 
2005; PENCHEv et al., 2006). In rabbits, glucose 
concentrations quickly rebounded to normal values. 
Concentrations increased immediately at the end of 
the fasting, already within 1 h, upon re-feeding and 
lasted for the next 4 hours (ATTIA et al., 2006). 
In addition, increased blood glucose 
concentrations can positively affect the reproductive 
performance of rabbits (ATTIA et al., 2010). 
However, supplementation of PG from mid-
pregnancy and during lactation seems to induce 
the adaptation of the embryo metabolism without 
substantial changes in the maternal metabolism 
profile, the ovarian response and the number 
of blastocysts developed (ARIAS-ÁLvAREz 
et al., 2013). The available literature lacks 
studies comparing the effect of PG and G on the 
carbohydrate-lipid metabolism of rabbits in a single 
experiment. Only the effect of the use of vegetable 
and mixed crude glycerol on production indices in 
growing rabbits was examined (RETORE et al., 
2012). 
In our study, propylene glycol and glycerol 
produced a similar final effect in terms of NEFA 
concentration. In primiparous and multiparous 
does, propylene glycol acted more quickly and 
strongly. When propylene glycol was administered, 
NEFA decreased significantly after 120 min. In the 
case of glycol, NEFA only decreased after 360 min. 
A similar effect was observed in cattle, where a 
decrease in NEFA after per os administration of PG 
was already observed in cows over the subsequent 
90 min. (RIzOS et al., 2008), while for glycerol, 
this effect in cows occurred later, after 4 hours 
(OSBORNE et al., 2009). The decrease in NEFA 
levels after re-feeding in fasting rabbits was rapid 
(ATTIA et al., 2006). Interestingly, NEFA only 
rebounded to normal values (CORINO et al., 
2007) in primiparous treated with propylene glycol. 
Other long-term studies with rabbits revealed no 
differences in serum NEFA concentrations between 
PG supplemented does and those not supplemented 
at any time points measured (ARIAS-ÁLvAREz 
et al., 2013). When evaluating metabolic processes 
in rabbits, it is important to account for breed or 
hybrid line. The genetic selection of does for higher 
litter size has increased their ability to mobilize 
body reserves in order to guarantee the nutrients to 
a high number of kits (mINUTI et al., 2015). Our 
experimental model indicated that feed restriction 
enhanced lipolysis more in primiparous than in 
multiparous does, however the response in terms of 
glycogenic precursors was greater in primiparous 
rabbits. 
The results obtained for BHBA concentrations 
were inconclusive. Following the administration of 
propylene glycol and glycerol, BHBA concentrations 
initially increased but then decreased to the initial 
values (primiparous does) or to below the initial 
values (multiparous does). These changes were not 
significant. This phenomenon is interesting in so far 
as in cattle the effect of decreased BHBA is also not 
immediate. Per os administration of PG resulted in 
a decrease in NEFA and BHBA over the subsequent 
90 minutes compared to the control animals 
(RIzOS et al., 2008). A comparison between the 
two methods of PG supplementation in terms of 
TmR in cows produced similar results (CHUNG 
et al., 2009). 
conclusion
Our findings suggest that a short-term feed 
restriction causes enhanced lipolysis (increase in 
NEFA) in primiparous compared to multiparous 
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rabbits. moreover, we revealed that both propylene 
glycol and glycerol show an evident effect in 
terms of lipolysis inhibition and gluconeogenesis 
stimulation. Despite some differences in metabolic 
response between primiparous and multiparous 
does, the effect of propylene glycol proved to be 
quicker and stronger. This result should be tested 
in field studies on larger groups of animals in 
production conditions.
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KuPczyńsKi, R., M. BednaRsKi, T. PiasecKi: učinak propilen-glikola i glicerola na metabolizam 
ugljikohidrata i masti u kunića - kratko priopćenje. Vet. arhiv 90, 307-316, 2020.
sažeTaK
U ovom je radu istraživan učinak glikogenskih pretskazatelja (propilen-glikola i glicerola) na metabolizam masti i 
ugljikohidrata u kunića hranjenih restriktivnim obrocima. U istraživanje je uključeno 48 ženki genetičke linije Hyplus, 
podijeljenih u skupine s obzirom na to jesu li primipare ili multipare. Četvrti dan restriktivne hranidbe kunićima je 
oralno primijenjen propilen-glikol (PG) ili glicerol (G) u dozi od 2 mL/kg tjelesne mase0,75. Uzorci krvi prikupljeni 
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su neposredno prije primjene glikogenskih pretskazatelja te 30, 60, 90, 180 i 360 minuta poslije njihove primjene. 
Određene su serumske koncentracije glukoze, neesterificiranih masnih kiselina (NEFA) i beta-hidroksimaslačne 
kiseline. Primjenom obaju glikogenskih pretskazatelja, koncentracija glukoze porasla je nakon 30 minuta i ta se 
vrijednost zadržala do kraja istraživanja. znakovito smanjenje (P < 0,01) NEFA-e bilo je 120 minuta nakon što 
je PG primjenjen kod primipara i multipara, te je ostao nizak do 360 minuta nakon primjene. Davanjem glicerola 
vrijednost NEFA-e smanjila se poslije 360 minuta. Srednja vrijednost glukoze u cijelom tom razdoblju bila je niža u 
multipara, a viša u primipara. Pokazalo se da i propilen-glikol i glicerol imaju učinak lipolitičke inhibicije i stimulacije 
glukoneogeneze, što se može primijeniti u praksi, primjerice tijekom laktacije i reprodukcije kunića.
Ključne riječi: kunić; metabolički status; propilen-glikol; glicerol_____________________________________________________________________________________________
